Research Question: How effective is abatement in preventing exposure to hazardous materials in the demolition of homes?
Abstract
The purpose of my paper is to examine the effectiveness of the abatement process on homes in Portland, Oregon through the analysis of asbestos surveys conducted by The City of Portland. It evaluates the levels of hazardous materials that are left in homes after the abatement process which can be disbursed into the air and soil during demolition and thus create significant health hazards for demolition crews and surrounding residents.
The research methods employed for this paper include the analysis of asbestos surveys on homes provided by The Rebuilding Center of Portland (The Rebuilding Center) to see what materials contained asbestos. The surveys were used to compile data on the number of homes deconstructed that were found to have additional asbestos after abatement.
This data was examined for trends.
The results show that 52% of homes examined by The Rebuilding Center had additional asbestos found after abatement. This was commonly found in materials like flooring and vinyl tiles which can be hard to find during surveys if they are hidden underneath other materials such as carpet.
Both material surveys and abatement procedures are required for all homes that are to be demolished in Portland, but many hazardous materials remain after this process, making demolition unsafe. This paper contends that deconstruction is a much safer alternative since no debris is created and hazardous materials can be disposed of properly when found. These findings contributed to new regulations in Portland, Oregon that require deconstruction rather than demolition for homes built before the year 1916.
Introduction
The practice of demolition is becoming more common as homes get older. When land values increase, many home buyers consider demolishing the existing structure, which is to tear them down completely, to rebuild newer modern homes. Older homes tend to contain significant amounts of hazardous materials, such as lead and asbestos, which create potentially hazardous conditions during the demolition process. The debris from demolition carries these hazardous materials which makes exposure to workers and residents more likely to occur. For example, lead dust fall is common in the demolition debris of older homes because lead was commonly used in paint before building policies prohibited its use in the year 1978. If older homes are not well maintained, demolition debris containing high amounts of lead can also permeate the soil for both that property and neighboring properties. (Mucha et al., 2008) .
There are numerous hazards that people can be exposed to during demolition, such as heavy metals that stay in the soil and materials such as hexabromocyclododecane (HBCDD). These hazards have negative impacts on the health of humans and other animals that aren't protected from demolition waste (Nie et al., 2015) . The debris from these materials can be found in the soil of the property where the home was demolished and can also end up in landfills which then leach into groundwater due to inadequate liners (Powell et al., 2015) . This leads to contaminated drinking water for some communities, making it a health hazard.
Another commonly found hazardous material in older homes is asbestos. This is a natural mineral that has many different uses today. Asbestos can be found in materials such as insulation, roofing, siding, and vinyl floor tiles (EPA, 2016) . Asbestos still has many uses today because of the benefits it offers such as heat resistance and strength. It is not completely banned and it is still used in construction and other industries (EPA, 2016) .
Asbestos use in home materials was phased out in the late 1970's to early 1980's. This leaves many older homes with potentially high amounts of asbestos. Exposure to asbestos fibers over time can lead to adverse health effects such as mesothelioma, asbestosis, and lung cancer, which is why today the use is more controlled and limited, notwithstanding exposure during demolition (Kakooei et al., 2012) .
When it comes to the practice of demolition, there is a high health risk for homes that are not properly abated. During the abatement process, all hazardous materials are removed from the building before demolition takes place so that workers and nearby residents aren't negatively affected by the debris. However, many homes that are demolished still contain hazardous materials because of incomplete abatement processes.
Abatement must be conducted to remove hazardous materials such as lead and asbestos so that these materials aren't released in the air or left in the soil after demolition. In the case of this study, someone who contracts with the city will conduct a survey of hazardous materials in the home. They will go through the home and take samples of materials that appear to be hazardous or that they suspect are hazardous. These samples are then sent to a lab for identification. After the results are provided, it is then the responsibility of the demolition company to make sure those materials are removed before any demolition takes place. This is when abatement begins, either by the demolition company themselves, or by another contracted company. However, in many cases some of the hazardous materials are only partially removed, particularly if the survey is not thorough enough and is missing materials, which can then create unsafe work environments and surrounding areas for neighboring homes (Lange et al., 2006) . Asbestos concentration can vary within structures depending on where it is found. There are six different types of asbestos but only three are commonly found in homes. The most common is chrysotile, or white asbestos, which is a curly fiber. The second is amosite, or brown asbestos, which is a needle like fiber. Lastly, crocidolite, or blue asbestos, can also be found and is similar to amosite. When only partial abatement is carried out it is not uncommon to find additional concentrations of asbestos left in homes that are higher than 0.1 fibers per cubic centimeter (f/cc), which is the legal exposure limit (Dufresne et al., 2009) . Anything higher than that created dangerous levels of exposure and the asbestos must be removed.
The purpose of my paper is to examine the abatement process through asbestos surveys conducted by The City of Portland to see what additional amounts may remain in homes. The homes surveyed were set to be deconstructed rather than demolished, but they demonstrate the effectiveness of the abatement process. I also intend to review the alternative option to demolition, which is deconstruction, to evaluate its potential to resolve this particular problem of hazardous material exposure.
Methods
The research methodology in this paper began with the analysis of secondary asbestos surveys provided by The City of Portland that were collected by The Rebuilding Center in their deconstruction services department. These surveys show where additional asbestos is found in homes before demolition or deconstruction occurs and what materials in the homes contain the asbestos. The surveys also contain the levels and type of the hazardous material found to assess how potentially dangerous they are.
Initially, surveys are conducted on any building that is going to be demolished or deconstructed to see what hazards are present. Then the abatement process takes place to remove the hazardous materials from the home. For the homes in this study, deconstruction was carried out by The Rebuilding Center. Once abatement was complete, deconstruction employees from The Rebuilding Center followed up on the homes, conducting an additional walk through to see what materials were left in the homes that appeared to be hazardous.
After finding potentially dangerous materials, additional surveys from The City of Portland were requested to assess the level and type of hazardous materials still present in the homes.
These additional surveys were the ones analyzed for this project. They were accessed through The Rebuilding Center from their deconstruction database.
The secondary surveys conducted after abatement were examined to look specifically at additional asbestos content. They allowed us to see what materials in homes contained asbestos and to determine how much of each type, chrysotile containing materials (CCM) and amosite containing materials (ACM), was found. These surveys allowed us to identify which asbestos containing materials were commonly missed and to see the amount of friable asbestos (defined as anything higher than 1% in weight by area) for both ACM and CCM that is still in homes.
With this information we are able to discuss the further implications of abatement due to improper removal of hazardous materials. We can determine where asbestos is found commonly in homes, but more importantly, how many homes were not properly abated. This information can help us determine how hazardous materials are missed during surveys, while also looking into alternatives to demolition that can eliminate the risk altogether of exposure to hazardous materials. This paper also includes review of peer reviewed journal articles to provide insight into the demolition field and information about hazardous materials found in older homes that can be dangerous if not properly removed. These sources are also used to examine the chief alternative to demolition, called deconstruction, which is the process of taking apart buildings piece by piece to eliminate the release of demolished hazardous materials into the air. The references that were used to help demonstrate the hazards of demolition and benefits of deconstruction came from many different sources by searching the Portland State University library database using key words such as "demolition hazards", "negative aspects of demolition", and "deconstruction benefits" which led to several peer reviewed journal articles that are cited in the bibliography. In addition, other cited articles were referred for this paper by the Portland State architecture department on the safe reuse of building materials.
Lastly, I was able to conduct some field work with The Rebuilding Center of Portland by conducting a couple of walk throughs with staff and assessing the benefits of deconstruction. I worked with the manager of the Deconstruction Services department to view homes that requested a quote on deconstruction. We visited these homes to take counts of the salvageable, or reusable, materials such as cabinets, windows, and doors. We took these counts and made calculations on an application called the Deconstruction Calculator that was designed to show the positive environmental impacts of deconstructing a home versus demolishing it. Once all the information was put into the calculator we were able to see statistics that show how many jobs were created, how much energy was saved, and how many materials were reused instead of being taken to a landfill.
During these visits we also took note of possible hazardous materials such as old chipping paint that could contain lead, and of insulation that could contain asbestos. This helped me to see how common hazardous materials are found in homes.
Results
The tables below show results from the asbestos surveys reviewed through The
Rebuilding Center. Table 1 shows the total number of homes deconstructed by The Rebuilding Center by year, with data from 2013, 2014, and 2015 . This is provided to give an idea of how many homes are viewed by staff from The Rebuilding Center. This is then compared to how many of those deconstructed homes were abated and still had additional asbestos found by staff from The Rebuilding Center that was reported and reviewed again by The City of Portland through an additional survey. The table below show that roughly half of homes each year that The Rebuilding Center agreed to deconstruct had additional asbestos found after the initial survey and abatement was conducted. This then lead to a second round of abatement before work could be completed to deconstruct the home.
Table 1
Table two is a pie chart showing the average proportion of homes from the last three years that The Rebuilding Center has deconstructed which contained additional asbestos.
This visually helps show how many homes overall were viewed and that slightly over 50% of homes had additional asbestos found after the initial survey and abatement.
Table 2
Table 3 shows the total number of homes that The Rebuilding Center has deconstructed and the years that those homes were built. This gives insight into the year of homes that have high demand for either demolition or deconstruction in the Portland area.
The ranges shown were how the data was organized by The Rebuilding Center for a proposal created to The City of Portland on deconstruction practices. To correlate with their proposal, the same ranges were used for this paper. Most homes that were deconstructed by The Rebuilding Center were built in the year range of 1912-1937 with a total of 48 homes. This is then compared with table 4 that shows how many homes in each year range had additional asbestos. The same trend of having additional asbestos in homes found for the year range 1912-1937 is shown to match the high trend of deconstructed homes in total for that year range.
Table 3
See appendix A for raw data.
Table 4
See appendix B for raw data.
Some asbestos surveys were viewed, but for the most part this data was compiled by staff of The Rebuilding Center. Of the surveys that were viewed, CCM and ACM were found in various areas throughout homes such as insulation, piping, and flooring (See appendix D for example survey). These surveys note that samples are taken randomly per EPA regulations which mean that materials can still be missed throughout the home, leaving hazardous materials in place. This also is only the survey that is conducted, and not the report of what was removed through abatement. See appendix C for the Incident Report from The Rebuilding Center.
Discussion
The results of this research point to the need to re-evaluate the survey and abatement process for hazardous materials in the City of Portland. The data from The Rebuilding Center gives insight into the effectiveness these processes since approximately half of homes included in the surveys still contained additional asbestos that can be hazardous to staff and neighbors. This high proportion is very concerning from a public health standpoint and it begs the question, what other hazards could be present that aren't seen even after a second walk through? If there are so many hazards present, than a much more thorough process is needed, especially before demolition takes place. The data is consistent with regards to additional asbestos which indicates a hazardous trend.
The current EPA guidelines stem from the Clean Air Act. It states that homes are to be "thoroughly inspected" if they are to be demolished (2016). When asbestos is found, the proper state entity is contacted and removal is scheduled. Removal consists of wetting down asbestos containing materials, sealing them in leak tight containers, and disposing of them properly (Environmental Protection Agency, 2016) . The downside to this is that there is an exception to the regulation. The Asbestos National Emission Standards for Hazardous Air Pollutants (NESHAP) states that if the total amount of asbestos found is less than 35 cubic feet of the structure in which it is located, than it is not required to be removed before demolition (Environmental Protection Agency, 2016) . This leaves a significant amount of asbestos unabated, which means that if deconstruction takes place, workers can still be exposed to this hazard.
The spike in homes shown in table 3 between the years 1912 and 1937 that were deconstructed can be explained by the ease of the demolition process. Once homes reach the age of about 80-100 years, there can be many needed improvements, and for some home owners it is much easier to demolish the entire home and build a new one. In this case, demolition is relatively easy to file for in Portland. However, there is a sharp decline in homes viewed before this time period since many of them are considered historic. Once a home surpasses 100 years, it is more likely considered historic and will require a much longer process for demolition including longer delays before beginning the process and historic inspections (Spencer-Hartle, 2016) . The opposite it seen on the other end of the scale for homes built after the year 1937. Homes in that range and newer may not have as many renovations or are easier to repair, leaving less requests for demolition.
The correlation between number of homes built and asbestos found can be connected to the higher demand in demolition for that time period. This can also relate back to the frequent use of asbestos in homes at that time. For example, spray applied asbestos for fireproofing was not banned until the year 1973, soon followed by other regulations to limit to use of asbestos (Environmental Protection Agency, 2016) . This left a lot of use in the early 1900's for asbestos around the home. Appendix D shows an advertisement for vinyl floor tiles from the magazine American Home. The issue is from May of 1970 and showcases the ease of peel and stick vinyl floor tiles. At the time, asbestos was a selling point for products like this. The woman in the advertisement is shown placing the tiles over hard wood flooring. The renovation is simple and easy which is similar to how people commonly put carpet over vinyl flooring rather than removing the existing material.
Asbestos became popular for use in materials such as vinyl flooring and even wall paper in the early to mid-1900 's (Mesothelioma Center, 2015 . These materials were convenient to use and didn't pose any risk since the asbestos was not considered friable, making the toxicity low and thus not requiring the material to be banned. The use of asbestos in home materials was phased out in the late 1970's to early 1980's, but since most of the homes deconstructed are older, they pose a risk for having asbestos and other hazardous materials. If demolition were to take place on these older homes, even with durable asbestos floor tiles, they are crushed and become debris which makes them hazardous.
Many products that contain asbestos are not banned today. These include materials like cement shingles, roof coatings, and vinyl floor tiles. These products are considered safe when undisturbed but can be hazardous when turned into debris during demolition.
After reviewing a handful of asbestos surveys it was clear that asbestos was commonly found in duct work, insulation, and flooring. What makes abatement difficult is that these materials are difficult to find if they are not already exposed. Commonly, home owners would install carpet over vinyl asbestos flooring, leaving it unknown to the surveyor.
Then if demolition takes place, the debris can be very hazardous. The analysis of the surveys indicates that other materials are also suggesting that homes may have multiple hazards.
This work organized by The Rebuilding Center staff was used to support a proposal requiring that all homes built before the year 1920 be deconstructed rather than demolished, including all historic homes. The proposal was made on the basis of this evidence showing that hazardous materials are frequently missed by surveyors and abatement companies. We were able to present these findings to the Deconstruction Advisory Group of Portland to show how concerning this exposure is and to propose a solution that eliminates the risk altogether. When we deconstruct homes, there is no hazardous debris to worry about for staff and neighbors. This is because any hazards found can still be removed safely as the entire home is being taken apart piece by piece. Very little debris is created. This proposal was reviewed by the mayor of Portland, and was passed in February 2016 to go into effect October 2016. The new regulation requires that all homes built before the year 1916 that are to be torn down, to be deconstructed rather than demolished. The code can be reviewed in appendix E.
The question at hand is why do people choose demolition over deconstruction?
Demolition is a fast process since a single family residence can be demolished in approximately one or two days. Deconstruction can take much longer depending on the size of the home, lasting about 1-2 weeks. Depending on the project, deconstruction may also cost more than demolition. This makes the decision harder for some home owners since cost and time are important factors. However, the value of materials salvaged can affect the deconstruction costs often making it more cost efficient in the long run. Regardless of demolition or deconstruction, most homes in Portland are subject to a 30 day delay after submitting for a demolition permit. There are cases where contractors buy homes to demolish so that they can rebuild multiple homes on the land for profit. In these situations time and money are both important which is why demolition usually wins.
The deconstruction calculator was an invaluable tool for my field work. It was useful during walk throughs when clients were still deciding whether to do demolish or deconstruct. In one case we took the calculator with us to see what could be saved. We had to finish inputting all the information after the walk through, but had the opportunity to show the client the benefits of deconstructing their home versus demolishing it. We tried to use these benefits to outweigh the factors of cost and time such as energy saved, jobs created, and materials reused. See appendix F for an example of results shown from the deconstruction calculator.
Another benefit of deconstruction is that no water is used in the deconstruction process. During demolition, water must be used to control the debris, but this is not typically monitored or measured in any way. The use of water does not contain all of the debris, and since it is not regulated, not all demolition jobs may be using this process properly. In deconstruction there is no worry of debris and it saves water.
Most of the homes that we viewed that were deconstructed were in neighborhoods in Portland that had many surrounding residents. Air-born debris is something important to consider, especially with possible asbestos, lead and other hazardous materials that can be inhaled.
Deconstruction was viewed by residents positively because of its benefits to local communities. Over the Summer I was able to assist volunteers on deconstruction sites by taking nails out of wood and organizing materials. As we worked, neighbors would walk by and ask about our project. We told them about deconstruction and how the materials were donated to The Rebuilding Center so that they could be reused by the public. This left a positive impression on residents who could see that the home being taken down would supply the materials for other homes, along with a new home to be built in its place. Not very many of the residents were familiar with deconstruction since demolition is more common so this allowed us to explain more of the benefits and to spread the word.
Conclusion
The abatement process is based on the findings of the surveys that are conducted prior to the demolition on deconstructed homes in Portland. The surveys determine which materials need to be removed. The findings of this research show that abatement is often incomplete due to incomplete surveys, or due to the fact that many hazards are not exposed.
Hazardous materials that are not exposed are harder to detect. These conditions lead to the unnecessary and dangerous exposure of workers and neighbors to hazardous material debris that is created during demolition. The deconstruction rather than demolition of older homes greatly reduces or eliminates that exposure.
The results of this research contributed to the passage of legislation in the City of Portland that will require all homes built prior to the year 1916, that are to be torn down, be deconstructed rather than demolished to avoid this exposure. This will not only limit asbestos exposure, but also other hazardous materials that could have been missed during abatement. Deconstruction is the safest way to remove older homes and is also the more sustainable option so that materials can be reused and kept out of the landfill. This research suggests that there is much left to be accomplished in this area. I believe more should be done to understand how current home owners are removing hazardous materials, whether they are doing it themselves, and when the documentation should be required. It would also be important to investigate survey and abatement practices in other cities to find potential models for great effectiveness.
C. Report from The Rebuilding Center for additional asbestos found:
Asbestos Incidence Report
The intent of this analysis is to determine the rate if incidence wherein whole structures (including houses, commercial buildings and barns) had asbestos containing materials (ACM's) discovered within the structure after the abatement process was conducted in accordance with an asbestos survey provided by a certified lab or an environmental consulting firm. The following data has been compiled by reviewing the following sources over a three year period (January 2013 through November 2015): asbestos surveys supplied by the owner or general contractor; additional lab results derived from possible asbestos containing materials (PMAC's) discovered during the disassembly process; the Portland Maps online information service; and daily project log entries.
 2015 (YTD) -disassemb333led 17 structures -discovered 9 with additional ACM's (constructed in: 1907(2), 1908, 1917, 1924, 1928, 1930, 1943, and 1965) .
 2014 -disassembled 18 structures -discovered 8 with additional ACM's (constructed in: 1917 ACM's (constructed in: , 1925 ACM's (constructed in: , 1926 ACM's (constructed in: , 1929 ACM's (constructed in: , 1939 ACM's (constructed in: , 1949 ACM's (constructed in: , 1950 ACM's (constructed in: , and 1957 .
 2013 -disassembled 15 structures -discovered 9 with additional ACM's (constructed in: 1912, 1913, 1925(2), 1937, 1938, 1950, 1963, and 1965 ).
Conclusion -we discovered additional ACM's in 26 of the 50 structures we disassembled over this three year period of time.
E. American Home Vinyl Tile Advertisement:
F. Deconstruction Calculator Result Example:
G. Deconstruction Requirements Code Language:
